In line with other medical journals, odds ratios are increasingly being reported in anaesthesia literature. the frequency of the use of odds ratio and how well it relates to the relative risk when it is interpreted as relative risk remains unknown. we investigated the use of odds ratio, and its relationship to relative risk and the incidence of outcome in this study. we identified 60 meta-analyses and 87 original articles that reported odds ratios. while relative risk could have been reported in 79% of the studies, only a small proportion (3%) of these studies have estimated and reported the relative risk in addition to the odds ratio. there is a significant bias if odds ratio is interpreted as relative risk, especially so when the incidence of outcome is high. while odds ratio is a valid measure of treatment effect in its own right, anaesthetists and investigators should be careful not to interpret odds ratio as equivalent to relative risk.
Odds ratios are commonly used in epidemiological studies and clinical trials to describe the likely harm or benefit associated with an exposure or a treatment of interest. They are also increasingly being reported in the anaesthetic literature with the use of new statistical techniques such as logistic regression analysis and meta-analysis.
Both odds and risk are terms to describe probability. The odds of an outcome is the number of patients who experience an outcome divided by the number of patients who do not 1 . Odds ratio is the ratio of two odds of two distinct groups. A placebo group and a treatment group usually represent the two distinct groups in a clinical trial. However, an odds ratio is a difficult concept to grasp and is often being interpreted as equivalent to relative risk 2 . The risk of an outcome happening is the number of those who experience an outcome divided by the total number of people at risk of having that outcome. Relative risk is simply a ratio of the risk in one group to the risk in another group. For example, a relative risk of two means that the outcome is twice as likely in the placebo group compared with the treatment group. Sometimes relative risk is also referred to as the "risk ratio" in cohort studies and clinical trials. In general, relative risk is an easier concept for most people to understand. The detail on how odds ratio and relative risk can be derived by a 2x2 table is illustrated in Appendix 1.
Because the concept of odds ratio is relatively difficult to understand and it is usually a good approximation of relative risk, many people have interpreted them as similar or even equivalent. However, this assumption is no longer valid when the incidence of outcome is not rare and especially so when the incidence of outcome is greater than 10% [3] [4] . An odds ratio that is more than 1.0 will always overestimate relative risk, appreciably so when the incidence of the outcome is not rare. If an odds ratio is less than 1.0, indicating a protective effect, it will overestimate the protective effect 3 . Therefore the odds ratio will almost invariably overestimate the magnitude of the harmful effect or protective effect of a treatment if it is interpreted as relative risk. To avoid misinterpretation and confusion, some medical statisticians have recommended that relative risk should be reported instead of odds ratio whenever it is feasible [4] [5] [6] [7] . Relative risk usually can be directly estimated in most types of clinical trials, cross sectional studies and cohort studies. However, in case-control studies the relative risk cannot be directly estimated unless the controls are selected in such a ways as to make them representative of the entire cohort that has give rise to the cases 6 . In this case, the exposure odds ratio is a valid estimate of relative risk. If the latter proviso is not justified, the exposure odds ratio is an approximation to the relative risk again requiring that cases are rare in the population.
In line with other medical journals, odds ratios are increasingly being reported in the anaesthesia literature. The frequency of the use of odds ratio and how well it relates to relative risk remains unknown. We therefore investigated the use of odds ratio, and its relationship to the relative risk and the incidence of outcome in this study.
METHODS
Using the OVID MEDLINE database, we searched for articles that have reported odds ratio or odds in their abstract or text using "odds" as search term in the MeSH search. We confined the search to articles that were published in eight anaesthetic journals, from 1 January 1997 to 31 April 2002. These journals were Anesthesiology, Anesthesia & Analgesia, British Journal of Anaesthesia, Anaesthesia, Anaesthesia & Intensive Care, Journal of Clinical Anesthesia, Canadian Journal of Anesthesia, and Journal of Cardiothoracic and Vascular Anesthesia. Narrative reviews and editorials that involve the use of odds ratio in their discussions, but without associated primary raw data, were excluded. We checked whether relative risk could have been estimated from the data available in the articles retrieved. For example, in the extracted randomized controlled trials, if a simple 2x2 table had been constructed from the raw data to obtain the odds ratio, we estimated the relative risk directly as the ratio of the occurrence of disease in treated to the occurrence of disease in the placebo group. In the cohort studies and some randomized controlled trials, which adjusted for confounding factors by logistic regression, the average relative risk was estimated from the odds ratio generated from logistic regression, according to the method suggested by Zhang and Yu 4 via the formula:
where P0 indicates the incidence of the outcome in the non-exposed group in a cohort study, or placebo group in a randomized controlled study. The Zhang and Yu 4 formula is a measure of average relative risk for an outcome. It is the simplest way to obtain an adjusted relative risk and has been used in other clinical studies 8 , though some more complicated statistical methods are also available 9, 10 .
No case-control studies were considered in this study since the incidence of outcome was not re-ported to enable the Zhang and Yu adjustment and it was not known whether controls were appropriate to enable a direct interpretation of odds ratio as a relative risk.
Some articles reported more than one odds ratio for the same outcome where, for instance, adjustment was made for different confounding factors in the logistic regression. In these instances, the largest odds ratio was used. Only one odds ratio was extracted per paper.
Most of the studies concerned exposures which increased the likelihood of the outcome of interest and reported odds ratios greater than 1.0. Four studies reported odds ratios less than 1.0, indicating a decreased likelihood. Reversing the exposure status of the latter gives an odds ratio greater than 1.0, and for consistency, we have made this reversal.
Statistical analysis of the data was performed by SPSS (version 9.0, 1998 SPSS Inc. IL, U.S.A.). Appropriate confidence intervals, if not generated by the SPSS, was calculated by CIA version 2.0.0 (Statistics with Confidence, 2nd Edition BMJ Books 2000).
RESULTS
We identified 60 meta-analyses and 87 original research articles that have reported odds or odds ratio in the eight anaesthetic journals in the past five years. Apart from meta-analyses, the studies that were retrieved were further classified according to their study design (Table 1) .
Relative risk (or prevalence risk in a cross-sectional study) could be estimated in 69 articles (79%) out of a total of 87. There were 14 randomized controlled trials (16%), 52 cohort studies (60%), and 3 cross sectional studies (3%). One cohort study did not report 393 the odds ratios associated with the risk factors identified and thus relative risk could not be estimated 11 . Two studies presented the odds ratios as relative risks without any adjustment as if they were the same 12, 13 .
ODDS RATIO IN ANAESTHESIA STUDIES
Only two studies (out of 69), a prospective cohort study 14 and a randomized controlled trial 15 , reported the relative risks in addition to the odds ratios. The median absolute difference between the reported odds ratios and the estimated relative risks was 1.8 (95%CI: 0.7-3.4). Both the incidence of the outcome (median=12.5%, mean 18.4%, range 0.01%-93%, SD=18.1%) and the percentage overestimation of relative risk by odds ratio (as defined as [odds ratio-relative risk]/relative risk) of the 69 studies were very variable (median 47.5%, range-445% to 4147%, SD=750%). Bias of an odds ratio represents the systematic over-or under-estimation of the corresponding relative risk if they are interpreted as equivalent and this is defined as odds ratio/relative risk. Our data shows that bias increases with the incidence of outcome and the odds ratio (Figure 1 and Figure 2 ). These results are consistent with the findings of another study when the relationship between odds ratio and relative risk is tested mathematically 3 .
DISCUSSION
While relative risk could have been estimated and reported in a significant proportion (79%) of these studies, only two studies (3%) did estimate and report it. The result is quite different from the recommendations made by some medical statisticians [4] [5] [6] [7] . We also found at least two studies that have appeared to present and interpret odds ratios as relative risks. Whether the readers of these articles have interpreted the odds ratios presented in these studies as relative risks remains unknown.
The odds ratio is a good approximation of relative risk when the incidence of an outcome is rare. For example, in studies in which the outcome is awareness during anaesthesia 16 or anaesthesia-related mortality 17, 18 , the odds ratios were almost identical to their corresponding relative risks. However, the difference between odds ratio and relative risk becomes much greater when the incidence of the outcome is high. Some anaesthesia-related outcomes such as requiring caesarean delivery during epidural analgesia 12 , postoperative nausea and vomiting 19 , consent for epidural analgesia 20 , post adenotonsillectomy respiratory complications 21 and absence of epistaxis with nasotracheal intubation 22 are fairly common. Reporting an odds ratio alone without reporting relative risk in these circumstances might mislead the readers of the real magnitude of the treatment effect if the odds ratio is interpreted as equivalent to relative risk. Further, the number needed to treat will be falsely low if the odds ratio is interpreted as the relative risk 23 . This may potentially mislead clinicians to recommend a treatment when they may not do so if the number needed to treat is higher.
The popularity of the odds ratio as a measure of effect has arisen mainly because of the widespread use of the logistic regression model for modelling binary outcomes. Further, the logistic regression model's popularity can be attributed to its ability to deal with both cohort and case-control studies. However, the relative risk does not "drop out" out of the model as the odds ratio does. Indeed, an intrinsic feature in the specification of the logistic regression model is that there is not a single "relative risk" for an outcome; each combination of confounding variables has a different associated relative risk, while the odds ratio is effectively the same. For example, if gender was a confounder, the relative risk for males and females would differ, but the odds ratio is identical. It has been argued that odds ratio is more "homogeneous" than relative risk, and may give a better estimation of treatment effect when it is applied to an individual patient 24 . Odds ratios will also give similar meaning when we present either the rate of success or rate of failure as the summary outcome measure, whereas relative risks will be very different. Therefore odds ratio is still a valid measure of treatment effect in its own right, provided it is interpreted as it is defined and not as approximation or equivalent to relative risk. Finally, it has also been recommended that we should use the absolute risk difference and number needed to treat rather than relative risk or odds ratio when we apply numerical research results in clinical practice 25 .
In conclusion, odds ratio alone rather than both relative risk and odds ratio is often reported in the anaesthetic literature. Odds ratio has been occasionally interpreted and presented as equivalent to relative risk. There is a significant bias if odds ratio is interpreted as relative risk, especially so when the incidence of outcome is high. Anaesthetists and investigators should not interpret odds ratio as equivalent to relative risk, and should preferably report both relative risk and odds ratio if feasible to avoid misinterpretation. This procedure is particularly desirable when the incidence of outcome is not rare or when the odds ratio is significantly smaller or larger than 1.
